INTRODUCTION
Nanofluid is a liquid containing nanometer-sized particles having diameter less than 50nm, called nanoparticle Choi (1995) . Nanoparticle is currently an area of intense scientific interest due to a wide range of applications in biomedical, optical and electronic field (Khanafer et al., 2003; Choi, 2008; Wang and Mujumdar, 2008; Wen et al., 2009; Khan and Pop, 2010; Makinde and Aziz, 2011; Mustafa et al., 2012; Sheikholeslami et al., 2013) . Buongiorno (2006) examined the convective heat transport in nanofluids. In this study the author developed a two-component four equation nonhomogeneous equilibrium models for mass momentum and heat transport in nanofluids. Further, Buongiorno (2006) concluded that in the absence of turbulent effects, the Brownian diffusion and thermophoresis will be important and also he has considered the conservation equations based on these two effects. Fully developed mixed convection in horizontal and inclined tubes with uniform heat flux using nanofluid was considered by Akbari et al. (2008) . The natural convective boundary layer flow of nanofluid over a flat vertical plate was investigated by Kuznetsov and Nield (2010) . Xu and Pop (2012) It is well known that chemical reaction effect plays a vital role in the study of heat and mass transfer in many branches of science and engineering. Possible applications of this type of flow can be found in many industries and engineering applications such as nuclear reactor safety, combustion systems, solar collectors, metallurgy, and chemical engineering. Some investigations have been carried out in this direction by several researchers (Bridges and Rajagopal, 2006; Cortell, 2007; Vajravelu et al. 2011b) As pointed out in Chapter 2, study of laminar flow in a porous pipe or channel with expanding or contracting walls received much attention of several researchers due to their wide applications in technological as well as biological flows. For example, in the transport of biological fluids through expanding or contracting vessels, the synchronous pulsation of porous diaphragms, the air circulation in the respiratory system and the regression of the burning surface in solid rocket motors (Terril and Thomas, 1973; Uchida and Aoki, 1977; Goto and Uchida, 1991; Dauenhauer and Majdalani, 1999; Majdalani and Flandro, 2002; Majdalani et al. 2002; Majdalani and Zhou, 2003; Si et al. 2010) . Boutros et al. (2006) 
FORMULATION OF THE PROBLEM
Consider the laminar and incompressible electrically conducting nanofluid flow in an expanding or contracting porous pipe of a semi-infinite length. The radius of the pipe is a(t). The wall has equal permeability and expands or contracts uniformly at a time dependent rateȧ(t). A magnetic field of uniform strength B 0 is applied perpendicular to the wall. As shown in Figure 3 .1, a coordinate system can be chosen with the origin at the center of the pipe. Take theẑ coordinate axis parallel to the pipe wall and thê r coordinate axis perpendicular to the wall. Under these assumptions the governing equations are ∂û ∂ẑ + ∂v ∂r +v r = 0, (3.1)
whereû,v are the components of velocity along theẑ andr directions respectively, ρ f is the fluid density,p is dimensional pressure, t is time, ν f is kinematic viscosity, σ f is electrical conductivity, B 0 is the strength of applied magnetic field, C p is specific heat at constant pressure, β is thermal diffusivity, T m is the mean temperature,
for generative reaction), T and C are temperature and nanoparticles concentration and
The corresponding boundary conditions arê
The injection/suction coefficient A * that appears in Eq. (3.6) is the measure of wall permeability and T w , C w are the temperature and nanoparticle concentration at wall.
Introduce a stream function which satisfies the continuity Eq. (3.1)
where η =r a is the dimensionless radial position.
The axial and radial velocity components can be written aŝ
Substituting Eq. (3.10) in Eqs. (3.2) and (3.3) and then eliminating pressure, one can
is the non-dimensional wall dilation rate and is defined to be positive for expansion and negative for contraction and
is the Hartmann number and µ f is dynamic viscosity.
The boundary conditions given by Eqs. (3.6)-(3.8) translate intô
where R is the permeation Reynolds number and is defined by R =
that R is positive for injection and negative for suction.
A similar solution with respect to both space and time can be developed by following the transformation described by Uchida and Aoki (1997) and Majdalani and Zhou (2003) independently. For constant α andF =F (η), it follows that
To realize this condition, the value of the expansion ratio α must be specified by the initial
where a 0 andȧ 0 denote the initial radius and expansion rate. Forthwith, the temporal similarity transformation can be achieved by integrating Eq. (3.13) with respect to time.
The result is a a 0 = 1 + 2ν f αta 0 −2 (3.14)
Since v w = Aȧ, an expression for the injection velocity can be determined, proved that the injection coefficient A is constant. From Eqs. (3.12) and (3.13), it is clear thaṫ
Under these provisions Eq. (3.11) becomes
Eqs. (3.10), (3.16) and (3.17) can be normalized by putting
It may be noted that when α = 0 and M = 0, Eq. (3.19) is the case that Majdalani and Flandro (2002) have described.
The temperature of the fluid and concentration of nanoparticles in the pipe can be expressed as
where T 0 , C 0 are the reference temperature and nanoparticle concentration at the center.
The dimensionless forms of temperature and nanoparticle concentration from Eq.
(3.21) are
Substituting Eq. (3.21) into Eqs. (3.4) and (3.5), one obtains
with the boundary conditions
is the Brownian motion pa-
is Lewis number,
is heat source/sink parameter (i.e., positive for heat source and negative for heat sink),
is the chemical reaction parameter which is positive for destructive chemical reaction and negative for generative reaction and
SOLUTION OF THE PROBLEM
To develop analytical solutions by HAM as a polynomial base function, the boundary conditions in Eq. (3.20) become:
(3.26)
For HAM solutions of Eqs. (3.19), (3.23) and (3.24), the initial approximations f 0 , θ 0 and φ 0 and auxiliary linear operators L 1 , L 2 and L 3 are as follows:
where c i (i = 1 − 8) are constants.
ZERO-ORDER DEFORMATION EQUATIONS
Let q ∈ [0, 1] be an embedding parameter and h be the auxiliary non-zero parameter.
The deformation equations at zero-order can be written as follows:
where
For q = 0 and q = 1, we havê
Further, by Taylor's series expansion, one obtainŝ
We choose h f , h θ and h φ , properly in such a way that these series are convergent at q = 1, therefore we have the solution expressions from Eqs. (3.40)-(3.42) as follows: 
where (3.52)
The corresponding boundary conditions are
To solve Eqs. define the square residual error to prove the correctness of the h-curves. Substituting the approximate solutions of f (η), θ (η) and φ (η) obtain by HAM into Eqs. (3.19), (3.23) and (3.24) yields the residual error as follows:
where E 1 , E 2 and E 3 correspond to the residual error for f (η), θ (η) and φ (η) respectively. We show the square residual error(SRE) for f (η), θ(η) and φ(η) in Table 3 .1 and Table 3 .2. From these tables it can be seen that the different values of h lead to minimum average square residual error for f (η), θ(η) and φ(η). Also Figure 3 .3 is plotted to show the SRE for f (η), θ(η) and φ(η) for α = 1 and α = −1. In order to check the analytical solution, we compare the results corresponding to the radial velocity with that of Boutros et.al. (2006) in Table 3.3 and Table 3 
